
This article was downloaded by: [Tulane University]
On: 08 January 2015, At: 01:36
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Philosophical Magazine Series 6
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/tphm17

XII. On the diffraction theory of
microscopic vision
Albert B. Porter
Published online: 16 Apr 2009.

To cite this article: Albert B. Porter (1906) XII. On the diffraction theory of
microscopic vision , Philosophical Magazine Series 6, 11:61, 154-166, DOI:
10.1080/14786440609463433

To link to this article:  http://dx.doi.org/10.1080/14786440609463433

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,

http://www.tandfonline.com/loi/tphm17
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/14786440609463433
http://dx.doi.org/10.1080/14786440609463433


sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

T
ul

an
e 

U
ni

ve
rs

ity
] 

at
 0

1:
36

 0
8 

Ja
nu

ar
y 

20
15

 

http://www.tandfonline.com/page/terms-and-conditions


[ 154 ] 

XII .  On t&e JDi~ractlon Tl~eory of Microscopic Visio~. 
Bff A L B E R T  B .  ~ P O R T E R  ~ .  

1. /~ L T H O U G H  thirty-two years have passed since 
A - I  Professor Ernst  Abbe t proposed his diffraction 

theory of microscopic vision, it is still to some extent a matter 
of controversy among microscopists :~, and is perhaps less 
familiar to physicists than its importance warrants. The theory 
may be briefly stated in the following form. If  a lens is t'0 
produce a truthful image of an illuminated object, it must 
have an aperture sufficient to transmit the whole of the 
diffraction pattern produced by the object ; if but part of this 
diffraction pattern is transmitted, the image will not truthfully 
represent the object, but will correspond to another (virtual) 
object whose whole diffraction pattern is identical with that 
portion which passes through the lens ; if the structure of the 
object is so fine, or if the aperture of the lens is so narrow, 
that no part of the diffraction pattern due to the structure is 
transmitted by the lens, then the structure will be invisible 
no matter what magnification is used. Ahbe and others have 
devised a nmnber of interesting experiments w to illustrate 
the theory, but the complete mathematical development has 
never been published ][. 

2. The particular case in which the object is a transmission 
grating consisting of alternate opaque and transparent lines 
may, however, be treated by means of a simple application 
of Fourier 's theorem. Let a and b be respectively the widths 
of the transparent and opaque lines on the gratings, and let 
A be the amplitude of the (monochromatic) light which will 
be assumed to fall upon the grating at perpendicular incidence ; 
then the distribution of amplitude in the light passing through 
the grating will be as shown in fig. 1. The function repre- 
sented by this curve may be developed in a cosine series by 
means of the formula 

fi.~') = �89 +/,~ cos ~:c + b~ cos 2~-,~. + . . .  + b~ cos'~':c + . . . .  
C C e 

in which b,,= f (x )  cos o'. 
0 C 

Read before the American Physical Society, April 22, 1905. Com- 
municated by the Author. 

t ArcMvfiir mikroskopische Anatomie, ix. pp. 413-468 (1837) ; Gesam- 
melte Abhandlungen, i. pp. 4,5-100 (1904). 

:~ Gage on The Microscope, 9~h edition 1) '21 (1904) , , _ .  . _" 
w MueUer-Pouillet's Zehrbueh der Physik, 9th edition, II, i. p. 712; 

Lewis Wright's ' Light,' '2nd edition 7 p. 198. 
li Mueller-IJouillet, id., p. 703. - 
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The Di]'raction Theory of Microscoldc Vision. 

Fig. 1. 
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�9 /~ i i t .nce  alor~q ~ra~;r~ff y" 
a t  ri3~t angir Ib tdr 
li ~e a. 

I n  the  case unde r  cons idera t ion  

f(,c) = A f rom :c = 0 to a ' =  
2 '  

= 0 f rom x = ~ to x = 2 + b, 

= J  f rom x - -  a 2- + b  to x = a + b ,  

and  c = a + b .  

H e n c e  

a a + b  

b,,,= ~ u  ACOSa-~bdx+O+ COSa+bdX 

= 2__2 f ~ A  m~r,v, 2 A  m~rx 
cos c-7-~b ax = -- sin - 

a+o Jo mTr a+b" 

IL fol lows tha t  

b 2 A a  2 A  ~'a 2 A .  2~ra 
O=a-+b , b l = - ~ - S i n a +  b 1 , 2 = ~  , s i n ~ ,  &c. 

and 

A ~  b 2A ~ra ~'a: 2A 27ra 21rx 
f ( x ) =  + ~ sin d ~ -  b . c O S t a  + b + ~ - ~ - s m - ~ ,  . ' "  c o s ~ - -  b + . . . 

2 A .  mqra m~rx 
+ ~ s i n  ~ 7 , "  cos a~E,  + " " " 

(1) 

(2) 
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156 Mr. A. B. Porter on the 

Now the ordinary theory of the transmission grating shows 
that, in the case under consideration s the amplitude of the 
light in the central image is 

A,~ (3) 
~z+b' . . . .  

and that the amplitude in the ruth spectrum is 

- -  s i n - -  (4) 
'mTr a + b . . . . .  

A comparison of (2) with (3) and (4) shows that the first 
term in (2) represents thq amplitude in the central image, 
while the coefficient of the cosine in each succeeding term 
represents the sum of the amplitudes in the two spectra of 
corresponding order. It  thus appears that a diffraction- 
grating performs a double process of harmonic analysis. In 
the first place it analyses the incident radiation according to 
wave-length in ~he well-known manner, distributing the eoiours 
in order in each spectrum ; in the second place, as shown in 
equations (2), (3), and (4), it analyses the distribution of 
wave-amplitude in its own plane, distributing the Fourier 
components of the amplitude curve in order among the 
successive spectra. 

3. We may also look at the matter from another poin~ of 
view. The curve drawn in fig. 1 not only represents the 
distribution of wave-amplitude in the plane of the grating, 
but is also the curve which shows the distribution of 
tra~sloarency over the surface of the grating itself, the axis 
of .,: representing zero transparency, i. e. complete opacity, 
and the height A perfect transparency. (To avoid circum- 
locution, transparency is defined throughout this paper in 
terms of the amplitude of the transmitted light, not in terms 
of intensity.) Equation (2) is evidently the development of 
this transparency curve as a series of harmonic distributions 
of transparency. The non-periodic term corresponds to a 
surfhce of unitorm, but imperfect, transparency ; while each 
periodic term represents a surface covered with equidistant 
parallel bands of varying transparency. Supposing these bands 
to run perpendicular to the plane of the paper, the distribution 
of transparency in them wiil be indicated by the ordinates 
in fig. 2, where the axis of .,, again represents perfect opacity, 
the ordinate t3 a certain degree of transparency, and the 
ordinate - -B  represents an equal degree of what we may term 
negative transparency, i. e., transparency coupled with a half- 
period change of phase in the transmitted light. A surface 
of this sort may be called a simple harmonic grating or, 
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]gifl'raction Tlteory of x]s Vision. 157 

briefly, a simple grating. A simple grating would give spectra 
of the first order only, and no central image. Such a grating 

Fi~. 2. 

:r 

could perhaps be realized by covering the alternate transparent 
bands on a harmonically shaded plate with strips of a trans- 
parent fihn giving a half wave-length retardation. 

4. It now follows immediately from equation (2) that the 
grating of fig. 1, and, indeed, in the more general case, any 
opacity grating ruled with n lines per unit length, may be 
considered to be formed by the superposition, on an imper- 
fectly transparent surface, of a series of' simple gratings ruled 
with n, 2n, 3n, 4n, &c. liues per unit length. The imperfectly 
transparent surface is responsible tbr the central image, while 
each of the simple gratings gives rise to the spectra of one 
order, the amplitude of the light ill each spectrum being 
proportional to the amplitude of the transparency curve of 
the corresponding simple grating. Furthermore, it is easily 
seen that the necessary and sufficient conditiou for the absence 
of the spectra of any given order is the absence of the corre- 
sponding simple grating. 

5. The theory here briefly indicated may be extended to 
include retardation gratings, both transparent and reflecting, 
but this development is beyond the scope of this paper. One 
deduction from the theory may, however, be mentioned 
because of the ease with which it can be verified experimentally. 
The sharply ruled grating of fig. 1 consists of an infinite 
series of simple gratings which give a fan of spectra on each 
side of the central image. If  the sharp corners in fig. 1 "tre 
rounded, that is to say if the lines of the grating are blurred, 
Fourier's theorem indicates the absence of the higher 
harmonic terms in equation (2), and hence also the absence 
of the more finely spaced simple gratings and the corresponding 
spectra of higher orders. When the lines are much blurred, 
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158 Mr. A. B. Porter on the 

the shading will approximate that indicated in fig. 3~ which 
represents the transparency curve of a grating formed by 

Fig. 3. 

i" 

superposing a simple grating on an imperfectly transparent 
surface. Such a grating should evidently give a central image 
and spectra of the first order only. This point was tested in 
the following manner. A glass grating by Max Levy, with 
400 very sharply ruled black lines to the inch, was held against 
a photographic dry plate so that one edge of the grating was 
in contact with the film, while the opposite edge was separated 
from the film by interposing a strip of thick paper. During 
exposure to the light of an incandescent lamp, the grating and 
plate were kept oscillating about an axis parallel to the lines 
of the grating. When examined under a microscope, the lines 
near one edge of the developed plate are seen to be only 
moderately blurred, while there is much more blurring 
toward the other edge of the plate. On looldng at an incan- 
descent lamp through that part of the plate where the lines 
are sharpest, the spectra of the first three orders are seen. 
As the plate is moved across the eye the second and third 
order spectra rapidly fade away, so that only the first order 
spectrum is seen where the lines a re  most blurred. The 
original Levy grating gives many spectra, the first thirty- 
five orders being plainly visible when a sodium flame is used 
a s  t h e  s o u r c e .  

6. When a lens forms a real image of a grating, it does 
so by adding together in the focal plane the harmonic 
eoml~onents of the diffracted light. If the illumination is  
central and the aperture of the lens is so narrow that it cannot 
pass the light represented by the second and succeeding terms 
of equation (2): i.e. if it passes only the non-periodic first 
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Di~raetion Theory of Microscopic Vision. 159 

term, or central beam, the illumination in the focal plane is 
uniform and no image of the lines of the grating is formed. 
If  the first spectrum, i.e. the first ]~eriodic term in (2), is 
transmitted by the lens, an image is formed having a periodic 
structure corresponding to that of the grating, but in which 
the lines arc much blurred. In paragraph 4 it was shown 
that an actual grating may be considered to be composed of 
an imperfectly transparent surface on which are superposed 
a number of simple gratings each of which is responsible for 
the whole of the light in the spectra of one order. The structure 
of the image can now be readily explained. The lens can, so 
to speak, image only what it sees ; if the aperture is so narrow 
that it does not gather in the spectra of the second and higher 
orders, it receives no light from any of the simple component 
gratings except the first one, and hence can only image that 
one. Hence  the image will represent a simple grating 
superposed on an imperfectly transparent plate and witl 
present precisely the structure indicated in fig. 3. When 
the aperture of the lens is further widened so as to admit 
spectra of higher and higher orders, the definition becomes 
sharper and sharper an d the image in general approximates 
more and more closely to a true representation of the object, 
but with exceptions which will be mentioned in paragraph 9. 
These results may be readily verified with an ordinary 
microscope if central illumination is used and an iris diaphragm 
is placed above the objective for conveniently varying the 
aperture ; the diffraction spectra can be seen by removin~ 
the eyepiece and looking down the tube, and the ires can then 
be adjusted to intercept all spectra above those of a given 
order. The effects are best studied with monochromatic 
illumination. The shaded, grating, mentioned in parao'ra~ p,h 5 
is a particularly interesting object to examine ; when the iris 
is wide open, the lines are seen to be considerably sharper 
near one edge of the grating than near the other, but when 
the iris is contracted so as to transmit only the spectra of the 
first order, the lines appear equally blurred over all parts of 
the plate. 

7. A grating ruled with lines closer together than the wave- 
length of light gives no spectra with central illumination and, 
if the lines are closer together than half a wave-length, no 
spectra will be given under any circumstances. As Abbe 
has shown, this sets a limit to the possible resolving power o[ 
the microscope; for the lines are imaged by the diffracted 
light, and when none is diffracted no image of the lines can be 
formed. ]f  green light is used to illuminate the object, the 
limit of possible resolution will be reached at about 40,000 
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160 Mr. A. B. Porter on the 

lines to the centimetre and, since no second order spectrum is 
given by rulings finer than 20,000 to the centimetre, the 
images of rulings between these limits will merely show 
blurred or harmonically shaded lines as indicated in fig. 3. 
The only ~ossible method of increasing the resolving power 
is to use l~ght of shorter wave-length ; this may be done by 
utilizing the violet or ultra-violet rays, or ])y using an 
immersion-lens and filling the space between object and lens 
with a liquid of high refractive index in which light-waves 
are shortened. In the photo-micrographic outfit designed by 
Dr. A. Koehler * both methods of securing short wave-lengths 
have been utilized and the limit of resolution has been raised 
to about 90,000 lines to the centimetre. Although the 
discussion has here been limited to the visibility of periodic 
structures such as gratings, it is evident from the general 
principle involved that in no case can we expect to secure any 
advantage by increasing the magnifying power of a micro- 
scope much beyond the point at which the half wave-length 
of the light used becomes an easily visible magnitude. 

8. It  is sometimes assumed that there is an essential 
difference between microscopic and macroscopic vision and 
that the phenomena of diffraction play no part in the latter r 
Whatever difference there may be between the two cases 
arises, however, from the relative size of the objects involved 
and from the special methods of illumination employed with the 
microscope. By choosing a suitable method of illumination, 
as in the following experiment~ it can be readily demonstrated 
that the images of periodic structures formed by the naked 
eye itself are due to diffracted light. The experiment is 
patterned as closely as possible after one of Abbe's micro- 
scopical experiments, but with the microscope left out. 
Light from an arc lamp, a in fig. 4, passes through a pinhole 

Fig. 4. 

a..~ tb c :d ,c. 

in the screen b, and is focussed by means  of  a photographic  
lens  e on a cardboard screen at e, about 25 or 30 eent imetres  

Zeitsehrlft fib" wissenschaftlid~e Mikroskopie, xxi. 1904, pp. 129-165 
and 273-304. 

t Carpenter-Dallinger, ' The Microscope,' 8th ed., 1901, p. 62. 
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D;ffraction Theory of Microscopic Vi~'ion. 161 

from the lens. At  d~ immediately in front of the lel~s, a 
piece of wire gauze having' about 30 wires to the centimetre 
is placed. The diffraction pattern produced on the screen e 
by the wire gauze is shown much enlarged in fig. 5, where o 

% 

Fig-. 5. 

t 

is the cerJfa-al image, a1 and a2 are the spectra due to the 
vertical wires, bl b~, those due to the horizonfal wires ; and 
c~ ca, dl d2 are spectra due to the combined effects of both sets 
of wires. By cutting small holes in the screen e, so as to 
allow but part of the diffraction pattern to pass into the eye 
at f ,  the changes in the appearance of the gauze may be 
conveniently studied. I f  the screen e is pierced by a hole 
only large enough to transmit the central beam o, the wire 
gauze is quite invisible. I f  a horizontal slit is used which 
transmits only the central beam o and ~he spectra a t a~, the 
vertical wires alone axe seen. I f  the slit is turned vertically so 
as to trausmit o and bl b~, the horizontal wires alone are visible. 
I f  the slit is turned at an angle of 45 ~ so that the central 
beam and the secondary spectra el c~ pass through it, neither 
the vertical nor horizontal wires are seen, but a very real 
looking set of wires appears running diagonally in tile 
directiou d~ d~, such a set of wires as would in fact give rise 
to the spectra cl c~ it' acting alone. I f  the card is pierced~ 
with three pinholes which transmi~ the central beam o an& 
the two second-order spectra a~ as, a set of vertical lines is 
seen, the lines being half as far apart as the wires in th~ 
g~uze. 

.Phil. Mug. S. 6. VoI. l I .  Ne. 61. Ja~. 190~k 
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162 Mr. A. B. l'orter o~ tl~e 

9. Certain appearances noted in the image of a grating pro- 
duced by a microscopic objective stopped down as described 
in paragraph 6 suggested the advisability of a closer stud~, 
of these effects. The method outlined in paragraph 2 ~s 
sufficient to deterlnine the nature of the image of any opacity 
grating given by a lens of any aperture. The curve showing 
the distribution of amplitude in the plane of the grating of the 
light which passes through it is developed in a Fourier series, 
both sines and cosines being used if the lines of the grating 
are shaded unsymmetrically. From the aperture of the lens 
and the spacing of the lines of the grating the number of 
orders of spectra transmitted by tile lens is determined and, 
remembering that each periodic term in tile Fourier series 
corresponds to the spectra of one given order, all terms in the 
series are rejected which represent spectra not transmitted 
by. the lens. The remaining terms when summed give the 
amplitude curve, in the plane of the grating, of the effective 
light which is transmitted by the lens. The amplitude curve 
in the image differs from this merely in having its length 
increased and its height diminished in proportion to the mag- 
nification. By squaring the ordinates of this curve, the 
intensity curve is obtained which completely determines the 
structure of the image. Intensity curves were roughly drawn 
to scale in this way for the images of several different gratings 
and for a number of different apertures. Figs. 6-I  to 6 -XI  
show a set of these intensity curves giving the distribution of 
light in the images, formed by lenses of different apertures, 
of a grating whose opaque lines are twice as broad as the 
transparent spaces. In each case the distribution of light in 
two bright lines is shown, the base line of each figure 
representing darkness. The Roman numeral indicates in 
eaeh case the highest order of spectra transmitted by the 
lens. . Fig. 6-I  shows the. image formed by a lens of aperture 
]ust sufficient to transmit the spectra of the first order, and 
indicates the presence of a moderately bright streak a down 
the middle of eaeh dark line in the image. Fig. 6- I I  shows 
the image formed by a lens transmitting the spectra of the 
first two orders; the image is much sharper than that of 
fig. 6-I. The third, sixth, ninth, &c., orders are absent with 
the grating under consideration. Figs. 6-IV and 6-V show 
the nature of the images when the aperture is further widened 
so that spectra up to and including the fourth and fifth orders 
respectively are transmitted by the lens. The noteworthy 
point here is the appearance of a dark streak down the centre 
of each bright line. This is particularly interesting because 
it is a defect, or rather a falsification, in the image which 
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J)ifl:mctlon Theory of Microscopic Vision. 163 

has been produced by improving the lens. The image pro- 
duced by a lens admitting spectra of the eighth order is 
shown in fig. 6-VIII .  Here two dark streaks show in 

~ F~.6.-IV 

each bright line. Fig. 6-XI  shows the presence of throe 
dark bands in each bright line of the image formed by a lens 
admitting spectra up to the eleventh order. 

Using a steel tool, a number of coarse gratings were ruled 
on smoked glass, and one was finally secured which, when 
examined with a wide-angled lens, showed sharp black lines 
approximately twice as broad as the transparent spaces. 
This grating was illuminated with monochromatic light and 
examined by means of a low-power objective backed by an 
iris diaphragm to secure variable aperture. The chief details 
shown in figs. 6-I  to 6-XI  were clearly seen in the image 
as the iris was slowly opened. With the iris contracted so 
that the first-order spectra alone were transmitted, the brigh~ 
lines were broad and fuzzy while a distinct bright streak 
showed along the centre of each black line, making each look 
like a highly refracting transparent filament. When the iris 
was slowly opened, these bright streaks disappeared, the bright 
lines became noticeably sharper, and soon a dark strea]~* 

* It was ehe appearance of these dark streaks which suggested a 
detailed study of s images ; when first observed they wore mistaken 
for narrow lines of lampblack left by the ruling point. 

M 2  
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i6~ Mr. A. B. Porter on t/~e 

appeared down the centre of each (fig. 6-V) which faded 
away as the iris was further opened, to be succeeded by two 
dark streaks (fig. 6-VII),  then three falntor ones (fig. 6-XI)  
which soon disappeared with further enlargement of the 
aperture: When the grating was illuminated by white light 
the bright streaks shown in fig. 6-I  could be seen but, on 
account of the overlapping of the spectra of the higher orders, 
the dark streaks indicated in figs. 6-IV to 6-XI did not 
appear in the image. These experiments suggest that some 
caution should be used in interpreting minute details of 
structure in microscopic images when monochromatic illu- 
mination is used. 

10. The curves given in figs. 6-I to 6-XI  show the 
intensity of the light in all parts of the image. They are 
also interesting from another point of view for, from what 
has been said in paragraphs 4 and 5, it will be seen that 
each of these curves shows the exact distribution of trans- 
parency (defined now in terms of the intensit2] oE the 
transmitted light) over the surface of a grating which 

~ ives spectra of certain definite orders and definite intensities. 
hus a grating having lines shaded as indicated in fig. 6-IV 

would give a central image and spectra of the first, second, 
and fourth orders only, and these spectra would have exactly 
the same intensities as those given by a sharply ruled grating 
whose opaque lines are twice as broad as the transparent spaces. 
This application of Fourier's theorem enables one~ in fact, 
to design an opacity grating presenting any desired anomaly. 
r " " ~ o "  " " " ]~he reahzatlon of such gratm~,s is quite a different matter~ 
but it is hoped that some results may be presented in a later 
paper. 

11. Transparent objects which are subjected to microscopic 
examination are always of finite thickness, and it is of some 
interest to inquire whether light diffracted by portions of 
the object lying outside the focal plane may not modify the 
image. The mathematical analysis of this question promising 
to be troublesome and unprofitable, an experimental illustra- 
tion of the suspected effect was sought and one was finally 
found which is extremely striking. It is well known that 
when two transmission gratings are laid face to face with 
lines parallel and ruled surfaces slightly separated, the spectra 
formed by the double grating are intersected by transverse 
shadow-bands whose spacing depends upon the distance 
between the faces of the grating. Two photographic gratings 
with 3000 lines to the inch thus arranged with faces about 
a millimetre apart, showed a black band in each of the two 
spectra of the first order and, by changing the angle of 
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~Di2s Theory of ~][ieroscopic Vision. 165 

incidence, these bands could be brought into any desired part 
of the spectra. The double grating was placed upon the 
stage of a microscope supplied with an iris diaphragm above 
the objective, and the instrument was sharply focussed on 
the upper grating. The field of view was then illuminated 
by monochromatic light obtained by focussing an arc. spectrum 
on the slit of a collimator. The arrangement of the apparatus 
is shown in fig. 77 where a is the arc, S is a spectroscope 

Fig. 7. 

with eyepiece removed, e is a collimator, g gt are the two 
gratings, and m is the microscope.. . By. rotating the prism, 
the gratings could be illuminated by hght of every wave- 
length in succession. Using yellow light, the eyepiece of 
the microscope was removed so that the diffraction spectra 
could be seen, the iris was closed until all spectra above the 
first order were cut out, and the angle of incidence of the 
light on the gratings was then varied until the shadow-bands 
reached the yellow part of the spectra and caused the 
disappearance of the two yellow dots of light which repre- 
sented the two first-order spectra. The eyepiece of the 
microscope was now replaced, and the prism was slowly turned 
so as to secure illumination with different colours of mono- 
chromatic light~ while the image of the upper grating was 
observed. As had been anticipated, the image was normal 
and the lines were clearly seen when the field of view was 
illuminated with any colour except yellow, but when yellow 
light was used the lines were completely obliterated from the 
larger part of the field. The obliteration of the lines would 
doubtless be everywhere complete with two gratings of 
perfectly uniform and equal brilliancy. The iris was now 
opened so as to admit the spectra of the second order. Again 
the image of the lines was normal exeep~ when the ~iel({ of 
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view was illuminated with yellow light;  in this colour the 
lines were seen to be doubled in number in those parts of the 
field where, in the former experiment, they were obliterated. 
Both of these effects are immediately explained by the absence 
of yellow light from both spectra of the first order. 

12. In the experiments which have been described, the 
microscope was used under what would be considered normal 
working conditions, with central illumination, and circular 
diaphragms centred on the optic axis. Nevertheless, when 
certain relations existed between the aperture of" the lens and 
the coarseness of structure of the object, images were formed 
which were utterly false in their smaller details, and other 
images were profoundly modified by the presence of structure 
lying, entirely beyond the focal plane,. It therefore ~eems 
that a working knowledge of the phenomena and laws of 
diffraction might well form a part of the ec~uipment of 
everyone who uses the microscope and attempts to interpret 
its indications. 

XII I .  Some _Properties of the a Rays from Radium. By 
E. RUTHERFORD, F.R.S., Macdonald Professor of -physics, 
Mc Gill University, zllontreal *. 

[Plute IV.] 

(Second paper.) 

I N the July number of the Philosophical ~agazine I 
described some experiments which showed that the 

a particles, emitted from a wire made active by exposure to 
the radium emanation, diminished in velocity after passing 
through matter. 

The active deposit of radium, rather than radium itself, 
was chosen as a source of radiation in order to obtain a 
homogeneous pencil of rays. The active deposit on the wire 
is of extreme thinness, and consequently the rays emerge 
from the wire without any alteration by their passage through 
matter. About 15 minutes after removal from the emana- 
tion, the activity of the wire is almost entirely due to the 
product radium C. Using the photographic method, the 
rays were found to be all equally deflected by a strong 
magnetic field, i. e. they consisted of a particles projected at 
the same speed. 

The velocities of these particles, deduced from the de- 
flexion of a narrow beam of the rays by a magnetic field, 

Communicated by the Author. 
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